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© A laminated structure of compound semiconductors. 

© A laminated structure of compound semiconductors 
comprising a IV semiconductor underlying substrate, a first Ill-V 
compound semiconductor layer that is formed as an intermedi- 
ate layer on the IV compound semiconductor underlying 
substrate, and a second lll-V compound semiconductor layer 
that is formed on the intermediate layer, wherein the thermal 
expansion coefficients of the IV compound semiconductor 
underlying substrate, E ts , the first Ill-V compound semiconduc- 
tor layer, En, and the second Ill-V compound semiconductor 
layer, Et2, have the following relationship: E t i>Et2>Et 5 . 



Q. 
LU 



Bundesdruckerei Berlin 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 88 3.0 4383 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Int. CL4> 



D, A 



ELECTRONICS LETTERS, vol. 20, no. 22, 
25th October 1984, pages 916-918, 
London, GB; T. SOGA et al.: "MOCVD 
growth of GaAs on Si substrates with 
AlGaP and strained superlattice layers" 

* Abstract; figure 1; table 1 * 

APPLIED PHYSICS LETTERS, vol. 52, no. 
11, 14th March 1988, pages 880-882, 
American Institute of Physics, New 
York, NY, US; M.K. LEE et al . : 
"Characterization of InP/GaAs epi layers 
grown cm Si substrates by low-pressure 
organometal 1 i c vapor phase- epi taxy 11 

* Abstract; figure 1 * 



APPLIED PHYSICS LETTERS, vol. 48, no. 
7, February 1986, pages 454-456, 
American Institute of Physics, 
Woodbury, New York, US; J. P. VAN DER 
ZIEL et al.: "Optically pumped laser 
oscillation in the 1.6-1.8 mum region 
from Al (i . 4GaO . 6Sb/GaSb/Al 0 . 4GaO . 6Sb 
double heterostructures grown by 
molecular beam heteroepi taxy on Si" 
* Abstract; page 454, column 1, line 
- col umn 2, 1 i ne 37 * 



1-3 



H 01 L 21/20 



1,2 



1,3,6 



38 



IEEE ELECTRON DEVICE LETTERS, vol. 
EDL-2, no. 7, July 1981, pages 169-171, 
IEEE, New York, US; R.P. GALE et al . : 
"GaAs shallow-homojunction solar cells 
on Ge-coated Si substrates" 



The present search report has been drawn up for all claims 



TECHNICAL FIELDS 
SEARCHED ant. CU) 



H 01 L 



Place of search 

THE HAGUE 



Date of completion of I tie search 

28-04-1989 



Examiner 

GELEBART Y.C.M. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



Page 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 88 30 4383 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION am- CI. 4) 



ELECTRONICS LETTERS, vol. 20, no. 22, 
25th October 1984, pages 945-947, 
London, GB; R. FISCHER et al.: 
"Characteristics of GaAs/AlGaAs MODFETs 
grown directly on (100) silicon" 
* Page 946, column 1, paragraph 3 * 



TECHNICAL FIELDS 
SEARCHED ant. CI.4) 



The present search report has been drawn up for all claims 



l*lacc of search 



THE HAGUE 



Date of completion of the search 

28-04-1989 



GELEBART Y.C.M. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particular^ relevant if combined with another 

document of the same categury 
A : technological background 
O : non-written disclosure 
I* : intermediate document 



T : theory or principle undorKing the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



THIS PAGE Bum m^, 



United States Patent [19] 

Biegelsen 



[li] Patent Number: 
[45] Date of Patent: 



4,935,385 
Jun. 19, 1990 



[54] METHOD OF FORMING INTERMEDIATE 
BUFFER FILMS WITH LOW PLASTIC 
DEFORMATION THRESHOLD USING 
LATTICE MISMATCHED HETEROEPITAXY 

[75] Inventor: David K. Biegelsen, Portola Valley, 
Calif. 

[73] Assignee: Xerox Corporation, Stamford, Conn. 
[21] Appl. No.: 223,036 



[22] Filed: 



Jul. 22, 1988 



[51] 
[52] 



[58] 



[56] 



Int. C1.5 H01L 21/20 

US. a 437/111; 148/DIG.. 25; 

148/DIG. 97; 148/DIG. 149; 148/DIG. 154; 
156/610; 437/82; 437/112; 437/132; 437/174; 

437/973; 437/976 

Field of Search 148/DIG. 3, 4, 25, 29, 

148/56, 71, 72, 94, 97. 110, 119, 149, 154, 160, 
169, 33, 33.4, 33.5; 156/610-615; 437/81, 82, 
105, 107, 108, 110, 111, 112, 126, 132, 174, 936, 
963, 970, 973, 976 

References Cited 

U.S. PATENT DOCUMENTS 

3,993.533 11/1976 Milnes et al 156/613 

4,116,751 9/1978 Zaromb 156/612 

4,392,297 7/1983 Little 437/132 

4,561,916 12/1985 Akiyama et al 148/175 

4.588.451 5/1986 Vernon 148/175 

4,657,603 4/1987 Kruehler et al 437/132 

4,707,216 11/1987 Morkoc et al 156/610 

4,774,205 9/1988 Choi et al 437/132 

4,786,616 11/1988 Awal et al 437/105 

FOREIGN PATENT DOCUMENTS 



0001225 
8600756 



1/1987 
1/1986 



Japan 

PCT Int'l Appl. 



437/132 



OTHER PUBLICATIONS 

Chand et al., "Significant Improvement in . . . GaAs on 

Si (100) by Rapid Thermal Annealing", Appl. Phys, 

Lett. 49(13), Sep. 29, 1986, pp. 815-817. 

Turner et al.-, "High-Speed Photoconductive Detectors 

Fabricated in Heteroepitaxial GaAs Layers", MRS 

Symp. Proc., vol. 67, 1986, pp. 181-188. 

Akiyama et al., "Growth of High Quality GaAs Layers 

19 

11 



on Si Substrates by MOCVD", J. Crys. Growth, vol. 
77, 1986, pp. 490-497. 

Fischer et al., "Monolithic Integration of GaAs/AJ- 
GaAs . . . Silicon Circuits", Appl. Phys. Lett. 49(9), 
Nov. 1, 1985, pp. 983-985. 

Ishiwara et al., "Heteroepitaxy of Si, Ge, and GaAs 
Films on CaF 2 /Si Structures", MRS Symp. Pro., vol. 
67, 1986, pp. 105-114. 

(List continued on next page.) 

Primary Examiner — Brian E. Hearn 
Assistant Examiner — William Bunch 
Attorney, Agent, or Firm — Jonathan A. Small 



[57] 



ABSTRACT 



Intermediate buffer films having a low plastic deforma- 
tion threshold are provided for absorbing defects due to 
lattice mismatch and/or thermal coefficient of expan- 
sion mismatch between a substrate or layer support and 
an overlayer while concurrently providing a good tem- 
plate for subsequent crystalline growth at the overlayer. 
This is accomplished for diamond cubic structure sub- 
strates, such as Si or Ge or Si on sapphire or crystalline 
Si on glass, upon which are to be deposited lattice mis- 
match overlayers, such as, GaAs or ZnSe. Also, zinc 
blend type substrates, such as GaAs or InP may be 
employed with such intermediate buffer films. A char- 
acteristic of these intermediate buffer films is a substan - 
tially lower plastic deformation threshold compared to 
either the substrate support or the overlayer to be 
grown heteroepitaxially thereon. In particular, such 
high plastic deformable compound materials found suit- 
able for such an intermediate buffer film are cubic III-V, 
II-VI or a I-VII zinc blend compound materials, respec- 
tively and specifically, (ZnACdyHgi-A'- rXS^Se^Tei. 
-a-b) and Cu(Cl,yBryIi„x- r) wherein X or Y respec- 
tively range between 0 and 1 such that X+ Y~ I and A 
and B respectively range between 0 and 1 such that 
A-^B^\. Particular examples are GaAs, ZnSe. 
ZnS. c Sei_.„ CdS. t Sei_. t , HgS. x Sei_. t , CuCl. CuBr or 
Cul, et al. 



12 Claims, 1 Drawing Sheet 
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METHOD OF FORMING INTERMEDIATE 
BUFFER FILMS WITH LOW PLASTIC 
DEFORMATION THRES HOL D USING LATTICE 

MISMATCHED HETEROEPITAXY 5 

BACKGROUND OF THE INVENTION 

This invention relates to a method of epitaxial growth 
of a material having one lattice constant and/or thermal 
coefficient of expansion on a material having another 10 
lattice constant and/or thermal coefficient of expansion 
employing an intermediate or buffer film to provide 
stain relief and more particularly to the epitaxial growth 
of cubic III-V, II- VI and I-VII compound semiconduc- 
tor materials on diamond cubic or zinc blend structure 15 
substrate or layer support employing an intermediate 
buffer film comprising a material with a cubic zinc 
blend structure having a plastic deformation threshold 
much less than that of both the substrate support and 
deposited overlayer. 20 

Lattice mismatch between deposited layers or a de- 
posited material on a substrate and different thermal 
expansions of various support or substrate materials and 
deposited overlayers in semiconductor heteroepitaxy 
provides strains in the deposited material causing stress 25 
due to lattice mismatch and thermal expansion mis- 
match, resulting in induced defect formation, wafer 
warpage and overlayer cracks. When epitaxial overlay- 
ers exceed a critical thickness, misfit and threading 
dislocations will occur during growth and/or subse- 30 
quent processing or device operation. 

During cooldown after epitaxial growth, some ac- 
commodation due to misfit dislocations may occur but 
at lower or room temperature, only elastic deformation 
is likely. Thus, strains will occur where different ther- 35 
mal expansions are involved at least in temperature 
ranges where the overlayers and support do not exhibit 
plastic deformation capabilities to a sufficient degree. 
As an example, strains equal to approximately 
2.2 X 10-3 for 2 ^ m tn ick GaAs layers on Si (100) wa- 40 
fers are reported. See D. A. Neumann et al, "Structural 
Properties of GaAs on Si and Ge substrates", Journal of 
Vacuum Science and Technology, Vol. 4(2), pp. 642-644, 
Mar./Apr. 1986. These strains are developed due to the 
differences of thermal expansion between Si and GaAs 45 
and the fixed interface atomic arrangement during cool- 
down to room temperature after growth and, also, 
likely due to the lack of plastic deformation of these 
materials during cooldown and at room temperature. 

There is a great deal of work currently directed to 50 
growing lattice mismatched materials. One of the most 
presently popular material combinations under study is 
the growth of GaAs or other III-V materials on 
diamond structure substrate supports, such as Si or Ge. 
In seeking to accommodate lattice mismatch, defects 55 
are generated in the subsequently deposited overlayer. 
These defects, if confined to the interface, are believed 
to be benign. However, defects which thread into the 
overlayer material affect the performance and opera- 
tion of any subsequently formed semiconductor device. 60 
Recently, work has been concentrated toward the intro- 
duction of an epitaxial buffer film or layer or layers 
capable of relieving strain without adverse effects in the 
growth of overlayers. The approach is that strain relief 
might occur via plastic deformation caused by the 65 
movement of dislocations through the buffer Film or 
along its interface with other layers. Further, it is recog- 
nized that low elastic stiffness coefficients and low plas- 



tic deformation thresholds, of the buffer material could 
aid to concentrate the strain in the buffer film. In this 
connection, see, for example, the work of H. Zogg set 
forth in the article, "Strain Relief in Epitaxial Fluoride 
Buffer Layers For Semiconductor Heteroepitaxy", Ap- 
plied Physics Letters, Vol. 49(15), pp. 933-935, Oct. 13, 
1986. In his work, Zogg uses Ha fluorides, such as, 
CaF2, SrF2 and BaF2 in MBE on supports such as Si, Ge 
and GaAs to obtain strain relief. In particular, Zogg 
found in using a CaF2 intermediate film (2% mismatch 
to Si at the growth temperature of 700° C.) improves 
the quality of the BaF2 overlayer (mismatch 14% rela- 
tive to Si) and prevents twinning. The process generally 
employed in the deposition of such buffer films is to 
deposit at high temperatures (e.g., 700° C.) followed by 
a low temperature growth (e.g., 350° C.-450 0 C.) of the 
overlayer. However, crack-free CaF2 layers thicker 
than about 20 nm were not possible to obtain using his 
growth apparatus and procedures. 

What is needed is a stable buffer material having 
better "defect absorbing" properties, i.e., confining 
misfit dislocations to layer interfaces, but capable of 
templating the crystalline orientation to the deposited 
overlayer. 

It is an object of this invention to employ an im- 
proved intermediate buffer film composed of cubic zinc 
blend compound structures, which have different defor- 
mation properties compared to Ha fluorides, i.e., having 
low plastic deformation threshold and improved tem- 
plate property compared to Ha fluorides due to the fact 
that the buffer film shares the same zinc blend structure 
as the overlayer. Furthermore, such cubic zinc blend 
materials are more chemically suitable and more com- 
patible, deposition-wise, than Ila fluorides. 

SUMMARY OF THE INVENTION 

According to this invention, intermediate buffer films 
having a low plastic deformation threshold are pro- 
vided for absorbing defects due to lattice mismatch 
and/or thermal coefficient of expansion mismatch be- • 
tween a substrate or layer support and an overlayer 
while concurrently providing a good template for sub- 
sequent crystalline growth at the overlayer. This is 
accomplished for diamond cubic structure substrates, 
such as, Si or Ge or Si on sapphire or crystalline Si on 
glass, upon which are to be deposited lattice mis- 
matched overlayers, such as GaAs or ZnSe. Also, zinc 
blend type substrates, such as GaAs or InP may be 
employed with such intermediate buffer films. Such 
III-V substrates are generally lattie mismatched with an 
overlayer of CdTe, for example. The intermediate 
buffer film of this invention has a substantially lower 
plastic deformation threshold compared to either the 
substrate support or the overlayer to be grown hetero- 
epitaxially thereon. In particular, such highly plastically 
deformable compound materials found suitable for in- 
termediate buffer films of this invention are the more 
ionic cubic III-V, II-VI or a I-VII zinc blend compound 
materials, respectively and specifically, 
(Zn*CdyH gl _, r -y) {S a S^ B ^\-a-b) and Cu(Clr- 
Btyli-x-r) wherein X or Y respectively range be- 
tween 0 and 1 such that X-h Y = I and A and B respec- 
tively range between 0 and I such that A-rB= 1. Partic- 
ular examples are ZnSe, ZnS.vSei_.r» CdS.vSei_. T , 
HgS^Sei_^, CuCl, CuBr or CuL et al. Because of the 
high plastic deformability of the more ionic zinc blend 
compound materials, these materials are sufficiently soft 
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to retain defects when employed as an intermediate 
layer yet sufficiently strong bonding to improve hetero- 
epitaxy growth of lattice mismatched materials by prop- 
agating a crystalline template. 

Other objects and attainments together with a fuller 5 
understanding of the invention will become apparent 
and appreciated by referring to the following descrip- 
tion and claims taken in conjunction with the accompa- 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 10 

FIG. 1 is a schematic and exaggerated representation 
of the lattice planes for a GaAs/ZnSe/Si structure for 
the purpose of illustrating the templating characteristics 
this invention. 15 

FIG. 2 is a schematic representation of misfit and 
threading dislocations formed in and at the layer inter- 
faces of the ZnSe buffer film of a GaAs/ZnSe/Si struc- 
ture. 

20 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Reference is now made to FIGS. 1 and 2 for purposes 
of discussion of the buffer film 14 comprising this inven- 
tion. Structure 10 comprise a substrate or supporting 
layer, hereinafter referred to as support 12, upon which 
is deposited an intermediate buffer film 14 followed by 
an overlayer 16 to be epitaxially aligned to support 12. 
Buffer film 14 shown in FIGS. 1 and 2 is for the purpose 3Q 
of lattice matching two compound materials that have 
different lattice constants while preventing migration of 
lattice defects into a deposited overlayer. In particular, 
the material chosen for buffer film 14 possesses low 
threshold for plastic deformation or low yield strength, ^$ 
compared to underlaying support 12 and overlying 
layer 16. Thermodynamically, the probability of nucle- 
ation of dislocations is higher in buffer film 14 than in 
support 12 or overlayer 16. Furthermore, dislocations 
tend to be confined to buffer film 14 which, therefore, 
functions as a "defect absorber", i.e., film 14 being of 
softer material, accommodates and confines misfit dislo- 
cation defects to film bulk while permitting the proper 
crystal ordering to propagate to overlayer 16 to bring 
about properly aligned crystal orientation in layer 16. In 45 
this manner, buffer film 14 functions as a template for 
the subsequent epitaxial growth of overlayer 16. 

I have discovered that cubic zinc blend compound 
materials like ZnSe and ZnS.ySei _jr or CuBr have ex- 
cellent softness qualities and comparatively low plastic 50 
deformation threshold for concurrent dislocation sup- 
pression and template propagation. Analogous com- 
pound materials would also, therefore, likely have these 
same dual qualities in varying degree. 

FIGS. 1 and 2 illustrate one example utilizing buffer 55 
film 14 of this invention. In particular, structure 10 
comprises a diamond cubic structure semiconductive or 
insulative support 12, such as, Si or Ge or Si on sapphire 
or crystalline Si on glass or the like (e.g., SOI), upon 
which is epitaxially deposited buffer film 14 of this 60 
invention comprising an ionic cubic zinc blend com- 
pound material, specifically, (Zn,*CdyHgi_,r- r) 
(S^SeaTei-^.fl) and Cu(C\x&r yl\-X- Y> wherein X 
or Y respectively range between 0 and 1 such that 
X-f Y^l and A and B respectively range between 0 65 
and 1 such that A + B^ 1. Particular examples are ZnSe 
ZnS;rSei_.r, CdSjrSej-*, HgS^Sd-^ CuCl, CuBr or 
Cul, et al. Then, an overlayer 16, e.g., GaAs, is epitaxi- 
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ally deposited on buffer film 14. The lattice mismatch of 
GaAs/Si is approximately equal to 4%. 

In FIG. 1, there is an exaggerated illustration of lat- 
tice planes 17 for Si substrate 12 and lattice planes 19 for 
GaAs overlayer 16. The lattice constant of GaAs, at 6, is 
45 larger than that of Si, a 12. Therefore, if in a length of 
interface, GaAs contains N lattice planes, then, Si sup- 
port 12 contains 1.04N lattice planes and there would be 
at least 0.04N edge dislocations in buffer film 14 result- 
ing in zero dislocations in GaAs overlayer 16. Buffer 
film 14 is chosen to have a low yield strength to accom- 
modate the stress that occurs in growing GaAs on Si 
due to lattice misfit as well as thermal stresses set up due 
to different coefficients of expansion for these two ma- 
terial upon cooldown after deposition of film 14 and 
overlayer 16. The induced elastic and plastic deforma- 
tions are then bound to buffer film 14 because of its 
softness, but the template of crystal alignment of sub- 
strate 12, represented by lattice planes 15, will propa- 
gate upwardly to overlayer 16, which will grow in 
oriented crystal fashion either during the final stages of 
epitaxial growth of overlayer 16 or during subsequent 
thermal processing. 

Growth of buffer film 14 is a low temperature process 
accomplished by MBE or by low temperature 
MOCVD or plasma assisted MOCVD. At low tempera- 
ture CVD growths, there must be some precracking of 
molecular gases to succeed in deposition and bonding~of 
atoms on the low temperature surface of support 12. 
These processes are well known in the art but differ 
here in the manner of handling of the temperature of 
growth. If buffer film 14 is attempted to be deposited at 
high epitaxial temperatures, the atomic constituents of 
such a thin layer would diffuse rapidly and tend to form 
thick, widely separated islands. In this connection, see 
the article of D. K. Biegelsen et al, "Inital Stages of 
Epitaxial Growth of GaAs on (100) Silicon", Journal of 
Applied Physics, Vol. 61(5), Mar. 1, 1987. The purpose 
and necessity of low or room temperature deposition is 
to deposit at a sufficiently low temperature so that de- 
posited atoms are not significantly mobile upon contact 
with support 12 thereby signaificantly reducing their 
tendency at higher temperatures to have sufficient mo- 
bility at the depositing surface to form islands. Rather, 
at such low deposition temperatures, the deposited 
atoms will have only sufficient energy to bond and 
register with the underlying lattice, intially forming a 
uniform continuous film. Low temperature and/or high 
fluxes are employed in MBE to kinetically capture a 
thin buffer film 14 with similar growth conditions main- 
tained for initial stages of growth of overlayer 16 until 
film 14 is uniformly overlayered or encapsulated by the 
cubic zinc blend compound material. 

Once buffer layer 14 has been deposited at or near 
room temperature, it is preferred that the initial stages 
of epitaxial deposition of overlayer 16 be conducted at 
a low temperature. Otherwise, if overlayer 16 were 
deposited at normally higher temperatures required for 
good deposition, the underlying buffer layer 14 would 
coagulate or ball up forming thick islands or even evap- 
orate. Therefore, the initial stage of low temperature 
deposition of overlayer 16 has the effect to confine the 
continuous buffer layer 14 and not permit coagulation 
due to is weaker bonding properties. The low tempera- 
ture of this initial deposition is dependent upon the 
chosen compounds for film 14 and overlayer 16, e.g., it 
may be between room temperature to 300° C. depend- 
ing on the buffer materials and overlayer material being 
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deposited. As indicated previously, overlayer 16 may 
nucleate as thin discrete oriented islands on buffer film 
14 during its initial deposition. If this is the case, then, as 
deposition continues, these islands coalesce and cova- 
lent chemical bonds stitch the islands together. Strain 5 
develops in buffer film 14 causing the formation of 
defects therein, which defects remain in this soft buffer 
material. 

After uniform coating of overlayer 16 on buffer film 
14 has been achieved, the growth temperature is cycli- 10 
cally or monotonicaly increased to better quality grow- 
ing conditions for crystalline growth of overlayer 16, 
e.g., 550* C.-750* C without fear of decomposition of 
buffer layer 14 due to its metastable or stable confine- 
ment. 15 

Thus, overlayer 16 is stoichiometrically deposited 
using a substrate temperature and source fluxes such 
that the surface diffusion length is short. Then, upon 
increase in growth temperature of overlayer 16, if 
buffer film 14 is not already crystalline, solid phase 20 
recrystallization can nucleate at the surface of support 
12 and propagate through and into overlayer 16 with its 
lattice structure taking on the crystal orientation of the 
templated lattice structure of suppot 12, as represented 
by the templated lattice planes IS in FIG. 1. If buffer 25 
film 14 is deposited in crystalline form, defects will be 
present in the film but upon growth of overlayer 16, 
misfit dislocations will be forced to remain in the softer 
buffer film 14. 

An example of the method of this invention is as 30 
follows. A substrate 12 of clean silicon, oriented with 
{100} planes parallel to its surface, although not essen- 
tial, is introduced into a MBE reactor. After removing 
surface contaminats, e.g., oxides and carbides, a thin 
stoichiometric layer of ZnSe or ZnS^Sei_^ approxi- 35 
mately 10 nm thick is deposited on the surface of Si 
substrate 12. ZnSe is deposited in the reactor in the low 
temperature regime of —60* C. to 60° C, such as 20* O, 
followed by an initial stage of growth of GaAs at about 
room temperature to about 100° C, which is about 400° 40 
C. less than its minimal acceptable level for good crys- 
talline growth. After growth of several monolayers of 
GaAs, the temperature of depositon is gradually in- 
creased to its proper deposition temperature of 550° C. 
or more. As a specific example, the initial growth of 45 
GaAs may be at about 100° C. After a unifrom over- 
layer is formed, the temperature of substrate 12 would 
be monotonically increased, for example, to approxi- 
mately 580* C. The ramp up would be, for example, T 
C. per second increase for a Ga flux of about 10 16 50 
cm -2 sec - 1 . 

For buffer film 14 to suppress and accommodate the 
mismatch of lattice dislocation densities but properly 
template through the crystal orientation of support 12, 
film 14 must be continuous and as thin as possible, e.g., 55 
on the order of 10-100 nm. Its thickness can be charac- 
terized in the following different ways relating to film 
stability properties, dislocation temperament and tem- 
plate transmission. Buffer layer 14 must be sufficiently 
thin so as to remain bound to interface 18 and not break 60 
up and diffuse into overlayer 16 during or subsequent to 
its deposition. If film 14 is too thick, it may, for certain 
material combinations, become energetically favorable 
and kinetically possible at higher temperatures to begin 
to break up and diffuse and function as dopants in adja- 65 
cent layers, which is not desirable. Said another way, 
film 14 must be thin enough for stabilizing interfacial 
free energies to dominate over stabilizing bulk free 



energies, which energies increase with film thickness. 
This, of course, depends also on the temperature of 
deposition of overlayer 16. 

The lower limit of the thickness of continuous buffer 
film 14 is related to the interaction between dislocations 
13 at the two interfaces 18 and 20. If the lattice con- 
stants ai6 and an are both less than lattice constant au, 
i.e., ai4>ai2 and ai$» then the misfit strains in the lattice 
will cause those dislocations to tend to thread away 
from interfaces 18 and 20 into buffer film 14 and away 
from support 12 and overlayer 16. A dislocation 13 is set 
up to reduce misfit strain. As seen in FIG. 1, the lattice 
planes 15 relax with distance logarithmically until, as- 
ymptotically, buffer film 14 achieves its bulk lattice 
constant au at 15'. For shorter distances, the buffer 
lattice is dilated locally. The strain at any particular 
position at upper interface 20 is the sum of the misfit 
strain plus the value of the strain fields 11 created by a 
dislocation 13 (only one such field shown for simi- 
plicity) from the closest dislocations 13 at lower inter- 
face 18. The strain from dislocations 13 is opposite in 
sign from the misfit strain. If buffer thickness, t, is less 
than a value, to, then the net strain will be reversed in 
sign due to a dislocation 13 directly below at lower 
interface 18 and dislocations 13 at upper interface 20 
will tend to be bent up into overlayer 16. A good ap- 
proximation for to[A] is 



/q 1 /misfit — 



2(ai4 — au) 



For GaAs/ZnSe/Si, to is approximately 380A because 
the GaAs/ZnSe misfit is 0.0025. For a system with a 
misfit of 0.01, to becomes approximately 100A. The 
forgoing approach may be used as a guide. Deviations 
from to will introduce quantitative changes in the den- 
sity of defects propagating into overlayer 16 which are 
not confined to buffer film 14. 

As previously indicated, the upper limit of the thick- 
ness of continuous buffer film 14 is related to (1) unsta- 
bility of a thicker film at higher processing temperatures 
with a tendency to start to break up and (2) degradation 
of template propagation. 

FIG. 2 illustrates the functionality of buffer film 14 
due to its low plastic deformation. Overlayer 16 must be 
of a material, e.g., GaAs, having a threshold for plastic 
deformation that is larger than that of film 14, e.g., 
ZnSe. Substrate or support layer 12 of Si has a thresh- 
old, A, that is very high, i.e., it has relatively little pro- 
pensity to form dislocations. However, the threshold, B, 
of film 14 is small. The greater the ratio of thresholds of 
A/B and C/B, the more completely will dislocations 
and defects be created and confined to film 14, in partic- 
ular, confined to interface 20 between film 14 and over- 
layer 16, as illustrated at 23 in FIG. 2, and at interface 18 
between support 12 and film 14, as indicated at 22. Film 
14 must be sufficiently thick so as not to cause them to 
thread up into the growth of overlayer 16 and bring 
about defect formations in that layer. Thus, as a figure 
of merit, the larger the threshold ratios A/B and C/B. 
the greater the results are in achieving a confinement of 
dislocations 22, 23, 24, and 25 to intermediate film 14 
while relieving strain and thermal stress in the structure. 

Thus, the compound material for film 14 represents a 
compromise between material that is sufficiently "soft" 
to confine dislocation defects but not so "soft" that it 
will not also function as a template for oriented crystal 
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orientation to propagate from interface 20 into over- 
layer 16 during subsequent solid phase epitaxy (SPE). 
The plastic deformation for film 14 must be sufficient to 
permit its shear stress to be exceeded. Propagation of 
dislocations and other defects, as represented at 21, 24 5 
and 25 in FIG. 2, are terminated at upper interface 20 
because of the absorbing properties of film 14. Both 
lattice mismatch and thermal stress are, therefore, re- 
lieved by the low yield strength of film 14. 

In summary, the deposition of buffer film 14 should 10 
be stoichiometric so that any tendency for this layer to 
decompose and diffuse into the deposited GaAs over- 
layer 16 will be negligible. Moreover, if buffer layer 14 
is sufficiently thin, the film will be sufficiently stable in 
bonding to support 12 at interface 18 to prevent its 15 
decomposition and diffusion into depositing GaAs over- 
layer 16. Thus, any undesired diffusion of buffer layer 
14 may be prevented because there is a potential well 
for sufficiently thin films to remain stably bonded be- 
tween support 12 and layer 16 so that atoms remain 20 
bonded with each other. 

Also, it is important to recognize that at these low 
temperatures of deposition for buffer film 14, the depos- 
ited film may be more amorphous than crystalline. 
However, upon ramping up of the deposition tempera- 25 
ture during growth of overlayer 16, the increase of 
temperature will cause solid phase recrystallization of 
buffer film 14 starting from interface 18 with support 12 
acting as the nucleating seed and with the crystallo- 
graphic structure of Si substrate 12 functioning as a 30 
template in the recrystallization process of film 14 as 
exemplified in FIG. 1. 

While the invention has been described in conjunc- 
tion with specific embodiments, it is evident to those 
skilled in the art that many alternatives, modifications 35 
and variations will be apparent in light of the foregoing 
description. Accordingly, the invention is intended to 
embrace all such alternatives, modifications and varia- 
tions as fall within the sprit and scope of the appended 
claims. 40 

What is claimed is: 

1. A method for growing a compound semiconductor 
overlayer of a first composition on a lattice mismatched 
support of a second composition comprising the steps 

of: 45 
providing a diamond cubic or zinc blend structure 
support, 

growing a cubic zinc blend buffer film on said sup- 
port of a third composition which is different than 
said first and second compositions and which fur- 50 
ther has a lower threshold for plastic deformation 
than both said first and second compositions such 
as to maintain misfit dislocations and defects within 
the buffer film or its boundries, 

commencing growth of said overlayer at a temper- 55 
ture sufficiently low so as not to exceed the bond 
stability of the buffer film, 

continuing the growth of said overlayer until a uni- 
form thin film is deposited over said buffer film, 
and 60 

thereafter increasing the temperature of growth of 
said overlayer to a higher growth temperature. 

2. The method of claim 1 wherein said cubic zinc 
blend is sleeted from the group consisting of 
(ZnxCdyHgi-x-r) (S^Se^Tei - A -b) and Cu(Cl*. 65 
BtyU-x-y) wherein X or Y respectively range be- 
tween 0 and 1 such that X + 1 and A and B respec- 
tively range between 0 and I such that A-fB^ 1. 



3. The method of claim 1 wherein said support com- 
prises a diamond cubic structure of Si or Ge or Si on 
sapphire or crystalline Si on glass and said buffer film 
comprises ZnSe, ZnS>rfSei_^, CdS^Sej_^, HgS^. 
Sei_^, CuCl, CuBr or Cul deposited at a temperature 
in the range of —60° C. to -f 60* C. and wherein said 
overlayer comprises GaAs, Al^Gaylnz or P^As^Sbc 
and is initially deposited at a temperature of about 100° 
C. and ramped up to a final growth temperature in the 
range of approximately 550° C.-750* C. after said con- 
tinuous, uniform film of said overlayer compound mate- 
rial has been formed. 

4. The method of claim 1 wherein said support com- 
porises a zinc blend support of GaAs or InP and said 
buffer film comprises ZnSe, ZnS^Sei-^, CdS^Sei-^, 
HgS^Sei-^, CuCI, CuBr or Cul deposited at a temper- 
ature in the range of —60° C. to +60° C. and wherein 
said overlayer comprises CdTe and is initially deposited 
at a temperature of about 100° C. and ramped up to a 
final growth temperature in the range of approximately 
550° C.-750" C. after said continuous, uniform film of 
said overlayer compound material has been formed. 

5. The method of claim 1 wherein said diamond struc- 
ture support comprises Si and said buffer film comprises 
either ZnSe or ZnS.^Sei-^ deposited at room tempera- 
ture to a thickness of about 10 nm and wherein said 
overlayer is GaAs and is initially deposited at a temper- 
ature of about 100° C. and thereafter gradually in- 
creased approximately 1° C per second to a final 
growth temperature of about 850° C. 

6. The method of claim 1 including the step of induc- 
ing solid phase recrystallization in said overlayer 
wherein said overlayer takes on the crystalline orienta- 
tion of said support as templated through said buffer 
layer. 

7. The method of claim 6 wherein said step of induc- 
ing is brought about by the continued growth of said 
overlayer at said higher growth temperature. 

8. The method of claim 6 wherein said step of induc- 
ing is brought about by high temperature annealing 
after the completion of growth. 

9. The method of claim 1 wherein the minimal thick- 
ness, to, of said buffer layer is determined by the approx- 
imation of 



tQ =» 1 /misfit = 



(ai4 -i- 
2(aj4 — a\e) 



where au is the lattice constant for said buffer film 
and a i6 is the lattice constant for said overlayer. 

10. A method for growing a compound semiconduc- 
tor overlayer on a lattice mismatched diamond cubic 
structure support comprising the steps of 

growing a thin zinc blend buffer film from the group 
consisting of (ZnACdrHgi_^_ r ) (S^Se fl Tei. 
-a-b) and Cu(C\xBtyIi-x-y) wherein X or Y 
respectively range between 0 and 1 such that 
X-h Y^ 1 and A and B respectively range between 
0 and 1 such that A-r-B^ 1 at a temperature suffi- 
ciently low that the deposited atoms are not mobile 
on the depositing surface of said support with an 
accompanying tendency to coagulate but align 
with the underlying lattice of said support to tem- 
plate its crystalline structure, 

commencing growth of said overlayer at a tempera- 
ture sufficiently low so as not to distrub the conti- 
nuity of said intermediate buffer film and 
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thereafter gradually increasing the temperature of 
growth of said overlayer to a higher growth tem- 
perature after said buffer film has been initially 
encapsulated by a continuous, uniform film of said 
overlayer compound material at said sufficiently 
low temperature whereby solid phase recrystalliza- 
tion occurs in said overlayer taking on the tern- 
plated crystalline structure of said support. 
11. The method of claim 10 wherein said support 
comprises Si or Ge or Si on sapphire or crystalline Si on 
glass and said buffer film comprises ZnSe, ZnS^Sei-^, 
CdS^Sei-^, HgS^Sei-^, CuCl, CuBr or Cul deposited 
at a temperature in the range of — 60° C. to + 60* C. to 
a thickness of about 10 run and wherein said overlayer 
comprises GaAs, Al^Oaylnz or P^AssSbc and is ini- 
tially deposited at a temperature of about 100* C. and 



10 



10 



15 



ramped up to a final growth temperature in the range of 
approximately 550* C.-750 0 C. after said continuous, 
uniform film of said overlayer compound material has 
been formed. 

12. The method of claim 10 wherein said support 
comprises a zinc blend support of GaAs or InP and said 
buffer film comprises ZnSe, ZnS^Sei-^, CdS^Set-^, 
HgS^Sei-^, CuCl, CuBr or Cul deposited at a temper- 
ature in the range of —60* C. to +60° C. and wherein 
said overlayer comprises CdTe and is initially deposited 
at a temperature of about 100* C and ramped up to a 
final growth temperature in the range of approximately 
550* C.-750 w C. after said continuous, uniform film of 
said overlayer compound material has been formed. 
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CERTIFICATE OF CORRECTION 
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HETEROEPITAXY" 



Signed and Sealed this 
Fifth Day of November, 1991 



Attest: 

HARRY F. MANBECK. JR. 
Attesting Officer Commissioner of Patents and TratU'ttuirks 



THIS PAGE BLAIM (uspto) 



